mentations in the form of bumps and undulate ridges having various arrangements resulting in spores that are undulate to weakly angular in profile and face views, and angular in polar view (Baroni 1981) . Clitopilus is characterized by spores with an ornamentation of longitudinal ridges. Entoloma has spores that are angular in all views due to its network of interconnected ridges that form facets and are highly varied in shape (Romagnesi 1974 , Pegler & Young 1978 ).
There are two main theories on how spore shapes within Ento lomataceae evolved. According to the first theory (Kühner 1980) , rhodocyboid spores represent the plesiomorphic condition since they are the more similar to what he considered the closest relative of Entolomataceae, Lepista (Fr.) W.G. Sm. (Tricholomataceae) . Species of that genus have pinkish, roughened spores. The spores of Clitopilus are the evolutionary intermediate between Rhodocybe and Entoloma. Entoloma spores are the most complex and represent the most evolved spore form. The second theory (Baroni 1981 ) is similar in that rhodocyboid spores are ancestral. However, Baroni based his argument that the rhodocyboid spore is the most primitive on the assumption that since pink angular spores do not exist elsewhere in the Agaricales, the first Entolomataceae evolved from an unknown member of Tricholomataceae with slightly rounded-angular, pinkish spores. More pronounced angularity then derived from this. Furthermore, in contrast to Kühner's theory, clitopiloid and entolomatoid spores evolved independently from rhodocyboid spores. Note, however, that modern phylogenies support neither the sister relationship of Lepista nor any member of Tricholomataceae with a pink spore print. Rather, it is suggested that the Lyophyllaceae are the sister clade of Entolomataceae and that it is nested within other members of the Tricolomatoid clade (Hofstetter et al. 2002 , Matheny et al. 2006 ).
These hypotheses can be evaluated through a phylogenetic reconstruction of Entolomataceae and its closest relatives and by subsequently mapping spore structure on the tree. In this framework, it is possible to reject hypotheses that are inconsistent with phylogeny. Hypotheses that are consistent with phylogeny can be further scrutinized and used as a basis for improved hypothesis formulation.
Genus delimitation of Entolomataceae
There are several problems with genus delimitation in Entolo mataceae due to different interpretations of morphological evidence. Firstly, the genus Rhodocybella has rhodocyboid spores indicating a close relationship with Rhodocybe (Baroni & Petersen 1987) . Secondly, Rhodogaster and Richoniella have entolomatoid spores and therefore these taxa are hypothesized to have been derived from or even to be members of Entoloma (Pegler & Young 1978 , Kendrick 1994 . Kuyper included Rhodogaster and Richoniella in Entoloma in the Dictionary of the Fungi (Kirk et al. 2008 ). Here we test this hypothesis and make the required nomenclatural changes.
Thirdly and most importantly, despite the generally agreedupon distinction between the agaricoid genera due to spore shape, there are several taxa that are at the centre of dispute regarding the distinction between Rhodocybe and Entoloma. Baroni & Largent (1989) transferred E. trachyosporum Largent to Rhodocybe. They also proposed, although not formally, that E. nitidum Quél. be transferred to Rhodocybe (Baroni & Largent 1993 , Castellano et al. 1999 . Both proposals are based on their evaluation that the spores are rhodocyboid rather than entolomatoid. This evaluation implies that Entoloma species that are closely related to sect. Trachyospora and E. nitidum also belong to Rhodocybe, further blurring the distinction between the two genera. In contrast, Noordeloos (2004) retained E. nitidum in Entoloma, on the basis of his evaluation that the spores are entolomatoid rather than rhodocyboid.
Lastly, Entoloma is highly variable in terms of morphology. It is the second largest euagaric genus (after Cortinarius), with more than 1 500 species. Several mycologists therefore preferred to variously split this group into smaller genera (Orton 1960 , 1991 , Largent & Benedict 1971 , Horak 1973 , Largent 1977 . These subdivisions do not show much consistency. Other mycologists have preferred to recognize one large genus (Romagnesi 1978 , Noordeloos 1981 , 1992 . These authors noted problems with the delimitation of groups within Entoloma -particularly due to the existence of taxa with an intermediate position between subgenera. This study evaluates the existing proposals in a phylogenetic context. Proposals that are inconsistent with the phylogenetic relationships have to be rejected.
The present study uses molecular phylogenetic analyses of a 3-loci dataset together with spore characters scored from images captured using scanning electron microscopy (SEM) and transmission electron microscopy (TEM) to answer the following questions: 
MATERIALS And METHodS

Taxon sampling
For outgroup, the analysis used 7 taxa from close relatives of Entolomataceae in the Tricholomatoid clade (sensu Matheny et al. 2006) . Tricholoma vaccinum, Lepista ovispora and Col lybia tuberosa were sequenced for this study. Sequences of Calocybe, Lyophyllum, Clitocybe and Collybia were downloaded from Genbank. For the ingroup, a total of 12 Rhodocybe, three Clitopilus, one Rhodogaster, one Richoniella, and 53 Entoloma accessions were sequenced. In addition, sequences of R. aurei cystidiata and an AFTOL taxon identified as E. prunuloides were downloaded from Genbank. The AFTOL E. prunuloides turned out to be significantly different from the one sequenced for this study. Such discrepancies demonstrate the need for a system where sequences can be annotated (Bidartondo et al. 2008) . It is here referred to as 'Entoloma sp. 1'. The Entoloma species sampled represent 12 subgenera according to Noordeloos (2004) . Subgenus Entoloma was more extensively sampled because preliminary analyses suggested that part of it is basal to the rest of the genus Entoloma and because it included E. trachyosporum and E. nitidum, taxa that have been at the centre of dispute regarding the distinction between Rhodocybe and Entoloma. We were not able to sequence Rhodocybella due to its insufficient collection. Table 1 summarizes taxonomic and collection information of the samples, as well as the DNA markers that were sequenced. The representatives of the Entolomataceae sequenced for this study were identified by the senior author, or are type-specimens.
DNA markers
Three loci from three different parts of the genome were sequenced: RPB2 (nuclear RNA polymerase second largest subunit gene), LSU (nuclear ribosomal large subunit gene) and mtSSU (mitochondrial ribosomal small subunit gene). For RPB2, the primers bRPB2-6F and bRPB2-7R were used (Matheny 2005) . For some samples these primers failed to amplify any fragment either due to its high degeneracy or degradation of the template DNA. Internal primers were thus designed particularly for Entolomataceae: rpb2-i6f (5' GAA GGY CAA GCY TGY GGT CT 3') and rpb2-i7r (5' ATC ATR CTN GGA TGR ATY TC 3'). This new primer pair partially addressed the difficulty of amplification of RPB2 by being slightly less degenerate and by amplifying a shorter fragment. The large subunit of the nuclear ribosomal apparatus (LSU) was amplified and sequenced using LROR, LR16, LR3R and LR5 (more information from http://www. biology.duke.edu/fungi/mycolab/primers.htm). The primers used for mtSSU were MS1 and MS2 (White et al. 1990 ).
DNA extraction, amplification and sequencing
DNA was isolated from fresh lamellae preserved in a cetyl trimethylammonium bromide (CTAB) buffer and from dried herbarium material using a modified CTAB extraction method (Doyle & Doyle 1990 ). Varying amounts of fruitbody tissue were ground either by using a bleach-cleaned plastic pestle if the sample was CTAB-preserved, or by agitating the dried tissue with a 7 mm diam glass ball in a 2 mL microcentrifuge tube in a mixer mill (MM 200, Retch GmbH & Co, Germany) and adding a total of 500 µL 2XCTAB buffer afterwards. Proteinase K (2 µL of 20 mg/ml, 20 U/mg) and RNAase (1 µL of 10 mg / ml) were added and the tubes were incubated at 60 -70 °C for 40 min. The material was twice mixed and centrifuged at 18 000 rpm for 15 min with an equal volume of chloroform-isoamyl alcohol (24 : 1), keeping the aqueous phase and placing it in a new tube each time. DNA was precipitated using an equal volume of isopropanol to the aqueous extract, an incubation time varying from 0 min to overnight in -20 °C, and centrifugation at 10 000 rpm for 15 min. The resulting pellet was washed with 70 % ethanol and air-dried, then re-suspended in 0.1X TE buffer. In the occasion that a thick brown liquid precipitated upon the addition of isopropanol, or the resulting DNA extract failed to work, the extract was either diluted up to 100 times or was further cleaned. The first two buffers (AP1 and AP2) of DNeasy Plant Mini Kit (QIAGEN, Germany) were added to remove further impurities. The resulting precipitate was separated from the solution by centrifugation, and the DNA once more precipitated, washed, dried and re-suspended.
Polymerase chain reaction amplifications (PCR) were generally performed in 25 -50 µL reaction volumes. The recipe for a 25 µL volume is: 10 pmol for each primer for LSU or mtSSU or 30 pmol for RPB2, 1× PCR Buffer (QIAGEN, Germany), 1 µL DNTPs, 2 µL MgCl 2 , 0.5 -1 µL BSA, 0.02 Taq polymerase. Products from multiple reactions were pooled if the products were low in concentration. The touch-down protocol used was: 5 min initial incubation at 94 °C, followed by cycles of 94 °C for 1 min, 67 °C annealing temperature for 1 min and 72 °C extension period of 1.5 min, with the annealing temperature decreasing by 1 °C every cycle until it reached 55 -57 °C. A second round of 36 cycles was then used: 94 °C for 30-45 s, 55-57 °C for 1 min, and 73 °C for 1.5 min. The PCR protocol concluded with a 7-min final extension period. PCR products were visualized using agarose gel electrophoresis and ethidium bromide staining, and subsequently cleaned with the kit Nucleospin (Macherey-Nagel, Germany). When multiple bands were present, the bands of interest were cut out and cleaned according to kit instructions. When the resulting chromatograms were unreadable due to multiple signals and no better alternative specimen was available, cloning was performed to separate the strands of interest (using pGEM-T Easy Vector System and sequenced using the M13 primers with 35 cycles of 30 s at 95 °C, 30 s at 50 °C and 1 min at 72 °C).
Sequencing was performed either by cleaning with Sephadex G50 AutoSeq columns (GE Healthcare, Belgium) and run on an ABI 377 automated sequencer using the ABI BigDye Terminator chemistry for cycle sequencing (Applied Biosystems, USA), or by external services (using ABI 3730xl; Applied Biosystems, USA). The sequence chromatograms were processed using Sequencher v4.1.4 (Gene Codes Co., USA). The sequences generated for this study have been submitted to Genbank.
Multiple sequence alignments
Sequences were manually aligned in MacClade 4.06 (DR Maddison & WP Maddison, Sinauer Associates Inc., USA). In a few, small (< 12 bp), parts of the LSU and mtSSU alignment, it was difficult to unambiguously align the sequences across all taxa. If, in a section of the alignment, there was only a small fraction of taxa that could not be aligned with the remaining part, the unalignable portions (no more than 15 bp lengths) of these taxa were excluded from the analyses and were treated as missing. This procedure retained as much data as possible by preserving the information for the majority of the taxa where the alignment was unambiguous.
Conflict testing
Conflict between the RPB2, LSU and mtSSU datasets were evaluated in two ways: 1) using the ILD test (Farris et al. 1994) as implemented in PAUP* 4.b10 (Swofford 2002) ; and 2) by comparing phylogenetic analyses of single-locus datasets. In the second test, the results were compared to find conflicting branches in the tree that had > 70 % bootstrap support (both using maximum parsimony and maximum likelihood criteria) or that had 95 % posterior probability (p.p.) in Bayesian analyses. Some conflicts were found among the topologies of individual gene trees regarding the position of 6 species (see Results, Conflict testing). A second set of analyses that excluded these taxa was carried out for comparison to test if their inclusion had any effect on the phylogenetic reconstruction.
Phylogeny reconstruction
Maximum parsimony (MP) heuristic searches were performed using Parsimony Ratchet Analyses with PAUP* (PRAP) v1.21 using 200 ratchet replicates, 80 random addition cycles with 25 % of the characters weighted double (Müller 2004) . Maximum parsimony bootstrap analyses were made with PAUP* 4.b10 (Swofford 2002 ) using 1 000 bootstrap replicates, each with 10 addition-sequence replicates using TBR branch swapping with a maximum of 10 trees saved per addition-sequence replicate.
A bootstrap value of 70 % was considered significant.
Best-fit evolutionary models for the maximum likelihood and Bayesian analyses were selected for each single-locus dataset using MrModeltest 2.2 (Nylander 2004) . The model GTR+I+G was indicated to be the best model to implement for all three loci.
Maximum likelihood (ML) analyses were performed using PHYML v3.0 (Guindon & Gascuel 2003) . The following were implemented: GTR+G+I model of evolution, and four categories of the gamma distribution of the heterogeneity of the rates of evolution. SPR tree topology search was used and 1 000 bootstrap samples were used to calculate the maximum likelihood bootstrap support. A bootstrap value of 70 % was considered significant.
Bayesian analyses were performed using MrBayes v3.1.2p (Huelsenbeck & Ronquist 2001 , Ronquist & Huelsenbeck 2003 . In the 2-or 3-loci analyses, 2 or 3 partitions were set, respectively, each with a GTR+I+G model implemented. The prior on the gamma shape parameter was set to uniform ranging from 0.1 to 50. The following were implemented under the unlink command: revmat (substitution rates), pinvar (proportion of invariable sites), statefreq (character state frequencies) and shape (gamma shape parameter). Two runs, each with 11 chains were run with a temperature of 0.002 or 0.005, and three attempts at swapping every one or five generations. The topological convergence diagnostic (standard deviation of partition frequencies) was calculated every 10 000 generations but the stoprule was not implemented. The analyses were allowed to run up to 10 000 000 generations, sampling every 200 generations. More generations were added as necessary to reach convergence (as estimated by the topological convergence diagnostic equal to 0.01) between the two runs. In the case of the analysis of the LSU dataset, it reached an average standard deviation of split frequencies of only 0.014523 after 40 000 000 generations using 20 chains per run. Each LSU run was analysed separately and because the results were nearly identical in topology and support, one run was randomly chosen for the discussion and figures.
Scanning Electron Microscopy (SEM)
SEM pictures were taken to compare the taxa disputed to be either Rhodocybe or Entoloma (E. nitidum, E. trachyosporum) and compared with their supposed close relatives from Rho docybe and Entoloma (see Table 1 where species samples for DNA and spores are noted). The spores were examined and scored for characters that define the difference between the classical entolomatoid and rhodocyboid spores: 1. the presence of isolated bumps and ridges (characteristic of rhodocyboid spores); 2. the presence of facets (characteristic of entolomatoid spores). If facets were present, then it was noted;
3. whether the facets were defined by a network of either incompletely or completely interconnected ridges. Ridges with an end that did not interconnect with another ridge were disregarded and not counted as irregular if the ridges ended towards the apiculus (and thus had no ridge to connect with) or if they symmetrically bisected a facet (with the argument that such bisections are regular).
Preparation of spores was from Baroni (1981) , with the following modifications: preparations were washed twice in distilled water before dehydration for 20 min in 50 % acetone, followed by 20 min in 100 % acetone, then critical-point dried in a Balzers CPD 030 Critical Point Dryer (BAL-TEC, Liechtenstein) and sputter-coated in a SCD 005 Sputter Coater (BAL-TEC, Liechtenstein). Finally, SEM pictures were taken using JSM-530 Scanning Microscope (Jeol Ltd., Japan).
Transmission Electron Microscopy (TEM)
TEM photos were taken of some Entolomataceae as well as some of its close relatives in the Procedure follows Van der Ham (1990) with the following modifications: rehydration with glutaraldehyde was 3 w, fixing in OsO 4 was for 1.5 h, pre-staining was with 1 % uranylacetate and soaking in lead citrate (Reynolds 1963 ) was for 10 min. The thickness of the cuts was 800 microns. The TEM machine was JEOL JEM-1010 Electron Microscope, JEOL Ltd. (Korea). 
RESuLTS
After sequencing and aligning, mtSSU yieled an alignment length of 360 bp and 95 parsimony-informative sites. RPB2 yielded an alignment length of 576 bp and 266 parsimonyinformative sites. LSU yielded an alignment length of 707 bp and 169 parsimony-informative sites.
Of the three DNA loci sequenced, RPB2 yielded the bestresolved and best-supported phylogenetic reconstruction and LSU the least resolved and supported. The results of the 3-loci analyses are summarized in Fig. 2 , while Fig. 3-5 show the Bayesian analyses of the single-gene datasets. The alignments of taxa with particularly long branch lengths (R. hirneola, C. pru nulus) were examined. Both species were not misaligned and each had a large number of autapomorphies. 
Conflict testing
Evaluation of conflicts by comparing the different trees from the single-gene analyses led to the conclusion that gene trees were mostly compatible and had no significantly supported conflicts (> 70 % MP or ML bootstrap or 0.95 Bayesian posterior probability) among the resulting reconstructions with the exception of two taxa: C. cystidiatus and E. sarcitum.
In the phylogenetic reconstructions with RPB2 and LSU, C. cys tidiatus was strongly supported as sister group to C. prunulus in the Rhodocybe-Clitopilus clade. On the other hand, in the mtSSU reconstruction, C. cystidiatus was sister to E. prunu loides with 75 % MP bootstrap and 91 % ML bootstrap. These two taxa were placed within the insignificantly supported Entoloma clade.
The placement of E. sarcitum was different in the phylogenetic reconstructions of all three loci. It was placed in the Inocephalus-Cyanula clade in the ML and Bayesian analyses of mtSSU (57 % ML bootstrap and 0.99 Bayesian posterior probability; MP analyses were unresolved). Using LSU, E. sarcitum was strongly supported in a clade with E. pluteisimilis and R. zuc cherellii (100 % MP bootstrap, 100 % ML bootstrap, and 1.00 Bayesian posterior probability), but with its relationship to others in the Entoloma clade was unresolved. In contrast, ML and Bayesian analyses of RPB2 placed it as sister to most of the genus Entoloma excluding the Prunuloides clade (that is, the rest of the crown Entoloma clade; 0.98 Bayesian posterior probability and 64 % ML bootstrap), while it was unresolved in the MP analysis.
Four other taxa had different positions in the single-gene analyses, but these placements did not receive significant support. Their strongly supported placements in the 3-loci analyses are more consistent with morphological studies. The first, E. kermandii, is in the Prunuloides clade in the Bayesian and ML analyses of RPB2 and mtSSU, while the same analyses of LSU place it among members of the Inocephalus-Cyanula clade. Second, Calocybe carnea (selected as outgroup) was in the Bayesian and ML analyses in one clade with Rhodocybe. Third and fourth, Bayesian and ML analyses of mtSSU had Lyophyllum boudieri in the Rhodocybe-Clitopilus clade while R. hirneola (Fr.) P.D. Orton was with the rest of the outgroup. The consensus tree of the most parsimonious trees of these analyses did not show the same unexpected placement, but it had poor resolution.
Analyses of single-gene and 3-loci datasets after the exclusion of these 6 taxa produced trees that were very similar with respect to topology and the level of support of the recognized clades, with some exceptions in the 3-locus dataset. The Bayesian posterior probability values for the monophyly of E. pluteisimilis, R. zuccherellii, E. sphagneti, and the rest of Entoloma excluding the Prunuloides clade changed from 0.96 to 0.84. Similarly, in the ML analyses, bootstrap support for the Nolanea-Claudopus clade decreased from 70 % to 60 %. On the other hand, support for the monophyly of a clade composed of Nolanea-Claudopus, Inocephalus-Cyanula, Pouzarella and the Rhodopolioid clades increased from 88 % to 100 %. Nonetheless, the phylogenetic reconstructions and conclusions drawn were not affected by these changes.
The ILD test indicated that while RPB2 and mtSSU were not significantly incongruent (P = 0.133), LSU was incongruent with both RPB2 and mtSSU (both P = 0.001). In order to test whether the taxa mentioned above caused the incongruence, the ILD test was once again performed without these taxa. The new analysis yielded the same conclusions.
Entolomataceae spore types from SEM photos - Fig. 6 Three main spore types could be recognized: 1. clitopiloid spores with longitudinal grooves and ridges; 2. rhodocyboid spores with irregular bumps and ridges; 3.entolomatoid spores with facets.
Entolomatoid spores are subdivided into three subtypes: 1. regular entolomatoid spores with ridges that completely interconnect to form facets and that have no isolated bumps; 2. irregular entolomatoid spores with at least one ridge end not connecting with another ridge to delineate a facet, giving a slightly to very irregular look, but without bumps and; 3. very irregular entolomatoid spores with bumps.
Irregular entolomatoid spores have not been reported before and bumps have previously not been known to occur in Entolo ma (Baroni & Largent 1989) . The degree of irregularity is highly variable among species. The regular and irregular entolomatoid spores grade into each other. Some very irregular spores with bumps are similar at first glance to some rhodocyboid spores with many ridges. However, regular and irregular entolomatoid spores are united by the presence of facets, and these are never present in rhodocyboid spores.
The spore wall of species with irregular entolomatoid spores is usually thinner than that of regular entolomatoid spores when viewed under a light microscope. We cannot exclude the possibility that the spores are truly regular, and that the apparent irregularity of the spore ridges is an artifact of spore preparation for SEM due to the thin spore walls. If this is the case, it is a phylogenetically informative artifact.
The spore types are mapped on the 3-loci phylogenetic reconstruction in Fig. 2 . The Prunuloides clade is characterized by mostly irregular entolomatoid spores, with one subclade predominantly having very irregular spores with bumps and the other subclade having irregular spores without bumps. The Crown Entoloma clade, having regular entolomatoid spores (based on observations under the light microscope and SEM pictures by Pegler & Young 1978 , contrasts with the rest of Entoloma (Prunuloides clade, the clade of E. plutei similis and R. zuccherellii, and E. sarcitum), as the latter set of species have mostly irregular entolomatoid spores (with or without bumps).
Ultrastructure of the spore-wall in relation to the ornamentation using TEM - Fig. 7 Comparison of the spore wall structures in Entolomataceae and five representatives of the Tricholomatoid clade sensu Matheny et al. (2006) with ornamented spores showed that the structures forming the angularity or bumps in the Entolomataceae are different from those of the ornamentation of its closest relatives; none of the latter are formed with an epicorium and tunica.
dISCuSSIon
Conflict testing
The two tests for conflict yielded two kinds of apparent conflict. In the first instance, taxa had different positions according to different single-locus analyses. In the second instance, the ILD test indicated that analyses based on both mtSSU and RPB2 were incongruent with LSU. In the first case, phylogenetic analyses performed after the removal of the relevant taxa resulted in no significant changes to the phylogeny. In the case of the ILD test, the 2-loci phylogenetic analyses with just the supposedly congruent RPB2 and mtSSU yield phylogenetic reconstructions similar to the results of 3-loci analyses, supporting the conclusions of this study. We conclude that RPB2 and LSU informed the analyses more than LSU. Furthermore, there are cases where the ILD test fails (Dolphin et al. 2000 , Darlu & Lecointre 2002 and this may have been the case here.
Monophyly of the Entolomataceae
The results of this molecular phylogenetic study are consistent with recent studies, based on both morphology and molecular phylogenetics data, that the family Entolomataceae is a natural group (Singer 1986 , Noordeloos 1981 , 1992 , 2005 and is monophyletic (Matheny et al. 2006) . Entolomataceae comprises the genera Entoloma, Rhodocybe, Clitopilus, Richoniella and Rhodogaster, and probably Rhodocybella as well. This study confirms that the presence of pink, angular or bumpy spores with a well-developed epicorium in the spore wall, which forms the facets, ridges or bumps and which was traditionally used to define the family Entolomataceae, has evolved only once among the euagarics. The ornamentations found among relatives, the members of the Tricholomatoid clade, are different and not homologous with those of Entolomataceae, as noted already before by Kühner (1980) and Clemençon et al. (2004) .
Generic delimitation of Entolomataceae
Entolomataceae is divided into two monophyletic clades: one containing Rhodocybe and Clitopilus, and the other containing Entoloma, Richoniella and Rhodogaster.
In the Rhodocybe-Clitopilus clade, Rhodocybe is paraphyletic and Clitopilus is, with significant support, well-nested within Rhodocybe. Previous studies had already suggested this relationship , Matheny et al. 2006 ). Some Rhodocybe spores have bumps and ridges arranged linearly along the spore length (Baroni 1981) , presenting a spore shape that approaches clitopiloid spores. Kühner (1980) had already united Clitopilus with Rhodocybe in one genus on account of the characters these groups share: predominantly clitocyboid habit, decurrent lamellae, and resemblance in basal structure of the ornamentation of the spores. We formally merge Rhodocybe into Clitopilus (the oldest valid name) and make the necessary new combinations (see Appendix).
We consider it highly likely that future molecular phylogenetic studies will show that the cyphelloid Rhodocybella is nested within the Rhodocybe-Clitopilus clade. If so, its generic status will be untenable. This likelihood is indicated by the genus' rhodocyboid spores and the existence of somewhat similar, reduced forms (pleurotoid rather than cyphelloid) in the clade.
Delimitation of the genus Entoloma
Phylogenetic analyses demonstrate that the sequestrate genera Richoniella and Rhodogaster arose from within Entoloma. Therefore, Entoloma is monophyletic only if these genera are included. Placement of these sequestrate genera within Entoloma had been suggested before (Kuyper in Kirk et al. 2008 ).
Richoniella and Rhodogaster do not form a monophyletic group. The sequestrate habit arose at least twice from agaricoid ancestors within Entoloma. Only one species of each genus was included in these studies and so the monophyly of each genus could not be tested. Future studies can address this possibility of parallel evolution. It is generally accepted that sequestrate taxa were derived many times from agaricoid forms and that this character was much overemphasized in the past (Peintner et al. 2001 ). We emend the description of Entoloma to include these sequestrate taxa (see Appendix). (2006) that have some bumpy or roughened spores. a. Entoloma gelatinosum is an example of a typical Entolomataceae spore wall with a distinct grainy lower layer, the coriotunica and an evenly electron-dense upper layer, the tunica. The ornamentation is formed by the epicorium (ep), which appears continuous with the eusporium (G.Gates E792, L). b. Tephrocybe tylicolor and c. Tephrocybe ambusta both have a coriotunica and tunica. The ornamentation is formed by the thickening of the tunica (rather than by an epicorium) (E.Arnolds 5151, L). This is also how Lepista irina (not shown) forms its roughened spores. d. Lepista nuda has a coriotunica and a myxosporium, a layer that corresponds to the other species' tunica, though here it is not as thick and evenly electron-opaque. Bumps are formed by 'bubbles' in the myxosporium with a hollow or electron-transparent interior (E.Arnolds 6866, L). e. Omphaliaster asterosporus. The spore walls have three layers: from the outside, a thin, grainy electron-dense layer, a thin, electron-transparent layer and a thick, electron-dense layer, thickenings of which form the bumps (ECVellinga 1110, L). Should Entoloma be maintained as one genus or should it be split, based on the results of our phylogenetic analyses? While a phylogeny per se allows different answers to that question, we propose it is best to retain Entoloma as a very large and morphologically variable genus in order to have a stable classification that is consistent with phylogeny. Our proposal to retain one large genus Entoloma conforms to the taxonomic tradition (Romagnesi 1974 , 1978 , Noordeloos 2004 . Relevant nomenclatural changes are made (see Appendix).
The inclusion of Rhodogaster and Richoniella in a monophyletic Entoloma strengthens our argument. If Entoloma had not been monophyletic, alternative proposals of smaller genera would have been strengthened.
The currently proposed smaller subgenera are polyphyletic or paraphyletic, leaving one large genus indeed as the only viable option. Horak's (1973 Horak's ( , 1980 ) division of Entoloma s.l. into three genera is inconsistent with phylogeny. Horak separated the strikingly morphologically distinct Pouzarella and Claudopus (pleurotoid species only) from the rest of Entoloma and treated them on a generic level. However, this classification would result in a paraphyletic Entoloma s.s. and a polyphyletic Claudopus. Among the 13 proposed genera of Largent (1994) , this study shows that at least five genera, viz. Entoloma, Leptonia, Nola nea, Alboleptonia, and Calliderma are not monophyletic. Of these, the first four are the largest genera containing most of the known species and the only major genus not demonstrably polyphyletic is Inocephalus. The monophyly of the other seven genera can also neither be disproven nor supported with the current phylogenetic reconstruction due to lack of sampling. Most species of Entoloma s.s. are in two different strongly supported clades, one of which, the Rhodopolioid clade, is more closely related to members of Nolanea or Leptonia than to the other, the Prunuloides clade. Leptonia species are in three different clades and Alboleptonia in two. Species, which show morphological characters of Calliderma, viz., E. indigoticoumbrinum and E. griseolazulinum, are nested and not monophyletic within the Prunuloides clade. Furthermore, Nolanea is paraphyletic since the well-supported clade containing Nolanea also contains members of Entoloma s.s. and Alboleptonia (Fig. 2) .
A phylogenetic study of the genus Entoloma using a larger dataset is currently in progress (Co-David & Noordeloos, unpubl. data) . This study will use both molecular and morphological data to distinguish well-supported monophyletic clades, with implications for infrageneric taxonomy and character evolution.
The distinction between Rhodocybe and Entoloma
We reject the proposed transfer of E. nitidum and E. trachy osporum to Rhodocybe (Baroni & Largent 1993 , Castellano et al. 1999 . These taxa belong, with significant support, to the Prunuloides clade of Entoloma. Rhodocybe zuccherellii also belongs to Entoloma and we make the transfer.
SEM pictures revealed that their spores have facets, which rhodocyboid spores do not (E. nitidum and E. trachyosporum on Fig. 6 ). The confusion regarding their generic placement likely arose because the pattern of their spores, and those of many of their close relatives, is irregular. The ridges that define the facets do not always interconnect, and sometimes there are bumps. This irregularity as well as the difficulty in seeing facets under the light microscope may be because the ridges themselves are thinner and not as distinct as those in spores with regular facets.
The placement of these taxa in Entoloma also makes sense in the light of morphology. The presence of clamps distinguishes them from most of the taxa of Rhodocybe except for section Rhodophana, which does have abundant clamp-connections. A morphological character that distinguishes the relevant En toloma species from Rhodophana is pileipellis structure: Species in Rhodophana have a compact, uni-layered cutis gradually passing into the trama without a well-developed subpellis, while these Entoloma species have a bi-layered pileipellis with a thin suprapellis of narrow hyphae, and a well-developed subpellis of inflated elements (Baroni 1981 , Noordeloos 2004 .
Spore evolution
The monophyly of Entolomataceae shows that pink, angular spores arose once. Given that the family is nested in the Tricholomatoid clade (sensu Matheny et al. 2006) , its ancestral spore likely arose from white, smooth spores that are common in the clade.
The ancestral spore of Entolomataceae is yet unknown. However, it was either rhodocyboid or entolomatoid. Both reconstructions are consistent with the phylogeny. Clitopiloid spores are definitely not the ancestral spores of Entolomataceae. Rather, clitopiloid spores arose from rhodocyboid spores. This conclusion is further supported by observations that some rhodocyboid spores are more elongate and have their ridges and bumps aligned in rows along the length of the spore, similar to clitopiloid spores (Baroni 1981) . Consequently, we reject Kühn-er's (1980) theory that the spores of Clitopilus are intermediate between Rhodocybe and Entoloma because it is inconsistent with the phylogenetic reconstruction, where Clitopilus, is wellnested within Rhodocybe. Clitopilus is also too distant from Entoloma to have shared an ancestor with clitopiloid spores. Baroni's (1981) theory that clitopiloid and entolomatoid spores were both independently derived from rhodocyboid spores is consistent with the phylogenetic reconstruction.
Another hypothesis must be taken into account, because it is equally consistent with the phylogeny, namely that the entolomatoid rather than rhodocyboid spore type is ancestral. In this theory, entolomatoid spores (regular or irregular) gave rise to rhodocyboid spores that, in turn, gave rise to clitopiloid spores. We suggest two major reasons why this hypothesis (the entomolatoid spore as ancestral character state) has never been proposed before.
First is the assumption that Entolomataceae evolved from Tricholomataceae combined with the assumed homology between bumps on Rhodocybe spores and the bumps on the spores of the putative Tricholomataceae ancestral taxa (Küh-ner 1980 , Baroni 1981 . These bumpy-spored relatives of the Tricholomatoid clade are nested among their smooth-spored relatives, as is Entolomataceae , Matheny et al. 2006 , making it likely that these taxa all evolved spore wall ornamentations independently. Furthermore, the putative homology between species with bumpy spores itself is incorrect. Our study confirms that the spore walls of species in the Tricholomatoid clade with bumpy spores are not homologous to those found in Entolomataceae (as earlier implied by Clémen-çon 1997, Clémençon et al. 2004 ). This lack of homology refutes the possible argument for rhodocyboid ancestral spores that members of the Tricholomatoid clade have a spore feature that allows it to frequently, independently evolve rhodocyboid spores.
The second reason for the predominance of the hypothesis that rhodocyboid spores are ancestral is the implicit assumption on the direction of spore character evolution. The assumption is that, in evolution, complex structures are more derived (or advanced) than simple structures. This assumption is not always the case, the derivation of more simple sequestrate forms from more complex agaricoid ones being an example (Peintner et al. 2001, this study) . Also, the assumption that if there is a morphological gradation (smooth spores to bumpy spores to faceted spores), then evolution must have occurred along the direction of the gradation is not necessarily true either. Therefore, we must consider both the rhodocyboid and entolomatoid spore type as possible ancestral states for Entolomataceae spores until further studies disprove either possibility. Basidiomata agaricoid, secotioid or gasteroid; spore print pink; spores angular in all views. Facets formed by completely or incompletely interconnecting ridges, rarely with isolated bumps.
AppEndIx
Notes -The generic concept of Entoloma is emended here to include Rhodogaster and Richoniella. Kirk et al. (2008) listed Rhodocybe and Rhodocybella as synonyms of Entoloma, but this is evidently an error. This has now been corrected (see http://www.indexfungorum.org/Names/fundic.asp). Entoloma minutopilum (Largent) Noordel. & Co-David, comb. nov. -MycoBank MB513700 
